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inﬂammation in the synovium speciﬁc manner. Currently the molecular
mechanism how extensive synovitis was induced in the OVXþrun
group, we expect that our experimental model is of great use to eluci-
date the molecular pathogenesis of early OA in postmenopausal
women.603
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Purpose: Gait biomechanics at the hip may affect medial joint loading
at the knee in persons with knee osteoarthritis (OA). A greater external
hip adduction moment (reﬂecting torque generation by the hip
abductor muscles) during the stance phase of gait may limit excessive
hip drop or trunk lean. This, in turn, may prevent excessive medial knee
joint loading and eventual progression of knee OA. Little is known about
the relationship between the external hip adduction moment and
progression of medial tibiofemoral OA as assessed by MRI. We
hypothesized that a greater magnitude of the baseline external hip
adduction moment is associated with reduced risk of baseline-to-2-
year progression of medial tibiofemoral cartilage damage and bone
marrow lesions in persons with knee OA.
Methods: Participants with knee OA, deﬁned by osteophyte presence in
at least one knee, underwent quantitative gait analysis at baseline using
an 8-camera Digital Real-Time Eagle motion analysis system and force
plate. Inverse dynamics were used to calculate the external hip
adduction moment, normalized to %bodyweight*height. Both knees
underwent 3.0T MRI at baseline and two year follow-up using double
oblique coronal and axial FLASHwe, coronal T1-weighted spin-echo
(SE), and sagittal, axial and coronal fat-suppressed turbo spin echo
sequences. We assessed cartilage damage and bone marrow lesions
using WORMS scoring, blinding readers to hypotheses and all other
data. We used logistic regression statistical models with generalized
estimating equations (GEE) to account for correlation between the 2
limbs of each person, to assess the association between external hip
adduction moment at baseline and baseline-to-2-year cartilage damage
progression and bone marrow lesion progression, deﬁned as any wor-
sening of score in the medial compartment as a whole and within each
joint surface. Analyses were adjusted for gait speed, age, gender, and
disease severity (using K/L radiographic grade). Results are reported as
odds ratios (ORs) and 95% conﬁdence intervals (CIs).
Results: 204 persons [mean age 64.2 years (9.9, SD), mean BMI 28.5
kg/m2 (5.7), 76.5% women] contributing 391 knees comprised the
study sample. The mean external hip adduction moment was 4.43
(0.9, SD) %body weight*height. As shown in Table 1, a greater external
hip adduction moment was signiﬁcantly associated with a reduced
likelihood of cartilage damage progression in the medial tibiofemoral
compartment and also at the medial femoral surface. After adjustment
for the indicated covariables, these associations were no longer
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the external hip adduction moment at baseline for knees with and
without cartilage damage and bone marrow lesion progression in
speciﬁc subregions. In analyses of speciﬁc regions, a greater external hip
adduction moment was signiﬁcantly associated with a reduced like-
lihood of cartilage damage progression at the posterior femoral sub-
region [OR per 1 unit of external hip adduction moment (95% CI): 0.51
(0.31, 0.86)] and bone marrow lesion progression at the central femoral
subregion [OR per 1 unit (95% CI): 0.56 (0.35, 0.89)].
Conclusions: In persons with knee osteoarthritis, a greater external hip
adduction moment was associated with a reduced likelihood of 2-year
medial tibiofemoral cartilage damage progression and bone marrow
lesion progression, but these ﬁndings were no longer statistically sig-
niﬁcant in adjusted analyses. The consistently protective direction of
the ﬁndings at compartment, joint surface, and subregional levels
warrants further evaluation at longer follow-up.Table 1
Unadjusted and adjusted ORs (95% CIs) for medial tibiofemoral OA progression at 2 years
Medial Tibiofemoral Compartment Medial Femoral Surface Medial Tibial Surface
Cartilage damage
progression
Bone marrow
lesion progression
Cartilage damage
progression
Bone marrow
lesion progression
Cartilage damage
progression
Bone marrow
lesion progression
Number of knees (%)
with progression
61/391 (16%) 87/391 (22%) 48/391 (12%) 53/391 (14%) 29/391 (7%) 48/391 (12%)
Baseline predictor
External Hip Adduction
Moment (%BW*HT)
Unadjusted 0.70 (0.51, 0.97) 0.75 (0.55, 1.01) 0.68 (0.50, 0.93) 0.72 (0.48, 1.08) 0.88 (0.59, 1.32) 0.96 (0.67, 1.37)
Adjusted* 0.82 (0.58, 1.15) 0.85 (0.61, 1.17) 0.79 (0.56, 1.12) 0.80 (0.53, 1.21) 1.07 (0.70, 1.64) 1.20 (0.83, 1.75)
Results are per 1 unit (%BW*HT) of external hip adduction moment (n ¼ 391 knees from 204 persons)
*adjusted for gait speed, age, gender, and K/L grade
Table 2
Means (SD) for the external hip adduction moment in medial tibial and femoral subregions
External Hip Adduction
Moment (%BW*HT),
mean (SD)
Cartilage damage progression at 2-year follow-up
Posterior femur Central femur Posterior tibia Central tibia Anterior tibia
Number of knees (%) with progression 20/391 (5%) 33/391 (8%) 7/391 (2%) 25/391 (6%) 8/391 (2%)
Knees without progression, mean (SD) 4.45 (0.88) 4.44 (0.90) 4.43 (0.89) 4.43 (0.89) 4.43 (0.89)
Knees with progression, mean (SD) 3.97 (0.85) 4.36 (0.67) 3.98 (0.57) 4.32 (0.79) 4.61 (0.87)
Bone marrow lesion progression at 2-year follow-up
Number of knees (%) with progression 19/391 (5%) 38/391 (10%) 12/391 (3%) 33/391 (8%) 21/391 (5%)
Knees without progression, mean (SD) 4.43 (0.87) 4.47 (0.87) 4.43 (0.89) 4.44 (0.89) 4.43 (0.88)
Knees with progression, mean (SD) 4.38 (1.19) 4.05 (0.92) 4.38 (0.84) 4.34 (0.79) 4.52 (0.96)604
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Purpose: Mouse models are very common animal models for studying
musculoskeletal diseases, including osteoarthritis (OA), because they
can be genetically modiﬁed to answer speciﬁc scientiﬁc questions and
allow for the exploration of novel diagnostic and therapeutic solutions.
Unfortunately, standard ex vivo biochemical (e.g., histology) and
mechanical analyses of mouse articular cartilage are challenging and
limited, because they are time-consuming, require advanced skill,
cannot be performed on intact joints, and cannot quickly provide a 3D
map of the biochemical or mechanical properties of the cartilage
(indentation tests speciﬁc sites, and histology requires 2D sectioning).
Thus, a technique that can easily and nondestructively examine the
biochemical and mechanical properties of mouse articular cartilage
would be beneﬁcial. We have developed a cationic, iodinated contrast
agent (CA4þ) that generates contrast-enhanced computed tomography
(CECT) attenuations that more strongly correlate with bovine cartilage
glycosaminoglycan (GAG) content and mechanical properties than
commercially-available anionic agents. The aim of this study is todetermine the feasibility of using high-resolution CECT with CA4þ to
measure the mechanical properties of murine tibial plateau cartilage.
Methods: Specimen Preparation: The skin and other soft tissues were
carefully removed from the hind limbs of ﬁve 16 week-old, female
C57BL6 mice, leaving the knee capsule intact (n ¼ 10). The knees ran-
domly received a 20-mL intra-articular injection of either Chon-
droitinase ABC (to deplete GAG as occurs during OA) at 0.1 U/mL (n¼3)
or 0.5 U/mL (n¼3) or saline (control, n¼4). The limbs were ﬂexed and
extended 30 times and then stored at 37 C for 4 hrs. The knee joints
were then disarticulated, all the surrounding soft tissue was removed,
and the tibias were rinsed three times in excess saline.
Mechanical Testing: To determine sample cartilage thickness, a baseline
CT scan was conducted using a microCT (mCT50, Scanco Medical AG),
and then thickness was measured from the image using Analyze
(AnalyzeDirect). Samples were then gripped in a sample holder and
positioned such that the central weight-bearing region of the medial
tibial plateau was aligned perpendicular to a 0.3-mm diameter, plane-
ended, glass indenter tip. The sample holder was ﬁlled with saline tosubmerge the cartilage, and then a 3mN pre-load was applied. Samples
were tested in stepwise stress-relaxation indentation, consisting of four
5%-strain steps and 200-sec relaxation (Zwick Z005, Zwick/Roell
GmbH). The equilibrium modulus was computed by ﬁtting a linear
regression to the resulting equilibrium stress-strain data.
CECT Imaging: Following mechanical testing, samples recovered in
saline for 1 hr before being immersed in 0.25mL of CA4þ contrast agent
at 12 mgI/mL (pH ¼ 7.4, 400 mOsm) for 2 hrs at room temperature.
Samples were then gently blotted to remove excess contrast agent and
scanned using microCT at an isotropic resolution of 2 mm and 70 kVp.
Cartilage was then segmented from the subchondral bone using a
region-growing algorithm (Analyze). The mean CECT attenuation (HU)
was obtained by averaging the x-ray attenuation over all microCT slices
corresponding to cartilage tissue.
Statistical Analysis: Univariate linear regression analysis was applied to
evaluate the CECT attenuation correlation with equilibrium modulus of
the cartilage (two-tailed, p < 0.05).
Results: The CECT attenuation and equilibrium modulus were strongly
and signiﬁcantly correlated with each other: R2 ¼ 0.75, p < 0.05 (Fig-
ure 1). Color maps of samples with low and high CECT attenuations
illustrate the differences in contrast agent distribution measured with
CECT (Figure 2).
Conclusions: Equilibriummoduluswas found to strongly correlatewith
CECT attenuation using a cationic contrast agent, emphasizing the
potential of CECT as a facile, nondestructive technique for evaluating
biomechanical properties in mouse tibial plateau samples. Additionally,
